Background and objectives: Recurrence of the original kidney disease after renal transplantation is an increasingly recognized cause of allograft loss. Idiopathic membranous nephropathy (iMN) is a common cause of proteinuria that may progress to ESRD. It is known that iMN may recur after kidney transplantation, causing proteinuria, allograft dysfunction, and allograft loss. Limited data regarding the frequency and treatment of recurrent iMN are available.
R ecurrent disease is considered to be the third most common cause of progressive renal failure in kidney transplant patients (1, 2) . Idiopathic membranous nephropathy (iMN) is a leading cause of nephrotic syndrome in adults and progresses to ESRD in 30 to 40% of patients despite intensive treatment protocols (3) . Recurrence of iMN has been reported to occur in 7 to 42% of patients in various series, resulting in reduced allograft survival (1,4 -13) . Recurrence tends to occur early in the posttransplantation period, and male patients with hypertension and heavy proteinuria in the native kidney are considered to be at increased risk for recurrence (6, 7) . Limited data are available on the treatment of recurrent iMN. Dabade et al. (14) reported that conservative therapy with tight BP control and standard transplantation immunosuppression failed to prevent increasing proteinuria in the majority of their patients. We evaluated the incidence of recurrent iMN using both clinical and histopathologic data in patients who received a transplant during a 15-year period at the Columbia University Medical Center (CUMC). Furthermore, because treatment of iMN using rituximab, a chimeric anti-CD20 mAb, has shown encouraging results in the native kidney (15, 16) , we used rituximab to treat a limited number of patients with recurrent disease and examined its effect on proteinuria and allograft function compared with previous conventional therapy.
Materials and Methods

Patient Data
A total of 1821 renal transplantations, 1669 of which were first transplants, were performed at the CUMC between 1992 and 2008. iMN was identified as the primary cause of ESRD in 34 of these patients. The diagnosis was confirmed by review of the native kidney biopsies and/or review of renal biopsy reports when original biopsy slides were not available. Patients with known secondary causes of MN (from systemic lupus erythematosus, hepatitis B virus, hepatitis C virus, tumor, or medications) were excluded. Clinical and laboratory information was obtained from the electronic database and charts at the CUMC. This study was approved by the institutional review board of the CUMC.
The protocol for immunosuppressive therapy changed during the course of this study. Induction therapy consisted of anti-CD25 mAbs, anti-CD3 antibodies, or antithymocyte globulin, and maintenance immunosuppression consisted of various combinations of corticosteroids, mycophenolate mofetil or azathioprine, calcineurin inhibitors (CNI; cyclosporine or tacrolimus), or sirolimus. In addition, plasmapheresis and rituximab were included in the treatment protocol for ABO-incom-patible transplants and highly sensitized patients with elevated donorspecific or panel-reactive antibodies.
Indications for renal allograft biopsy included a rise in serum creatinine of Ͼ0.2 mg/dl, onset of proteinuria, or protocol biopsy in patients who received an ABO-incompatible transplant. All renal biopsies were processed according to standard techniques for light microscopy and immunofluorescence (IF) microscopy. Electron microscopy (EM) was performed in selected cases when recurrent glomerular disease was suspected (heavy proteinuria or positive IF staining). For each case, 11 glass slides were prepared and stained with hematoxylin and eosin, periodic acid-Schiff, trichrome, and Jones methenamine silver. IF was performed on 3-m cryostat sections using polyclonal FITC-conjugated antibodies to IgG, IgM, IgA, C3, C1q, , , fibrinogen, and albumin (Dako Corp., Carpinteria, CA). Ultrastructural evaluation was performed using JEOL100S/1010 electron microscopes (Tokyo, Japan).
All patients received a similar conservative treatment regimen that included loop diuretics if they had edema, hepatic hydroxymethyl glutaryl-CoA reductase inhibitor if they had hyperlipidemia, and an angiotensin-converting enzyme inhibitor or an angiotensin receptor blocker if tolerated. A low-sodium diet (Ͻ4 g/d NaCl) was recommended for patients with edema. Rituximab, when given, was dosed either according to the "lymphoma protocol," which consists of four weekly doses of 375 mg/m 2 , or the "autoimmunity protocol," which consists of two doses of 1 g 2 weeks apart. To minimize infusion reactions to rituximab, patients were premedicated with acetaminophen (1000 mg), diphenhydramine hydrochloride (50 mg), and methylprednisolone (100 mg). Treatment decisions were left to the treating physician's discretion.
Statistical Analysis
Data are expressed as mean Ϯ SD (unless otherwise specified). The 2 test was used to compare proportions: t test when normally distributed parameters were evaluated and nonparametric tests when normally distributed parameters were compared. Kaplan-Meier plots were constructed to assess recurrence over time. Multivariate analysis was performed using the Cox proportional hazards model. Statistical significance was assumed at P Ͻ 0.05.
Results
Patient Characteristics
Characteristics of the 34 transplant patients with iMN are summarized in Table 1 . The diagnosis of iMN was made 8.52 Ϯ 5.51 years before transplantation, and the mean time to ESRD was 7.63 Ϯ 5.88 years. Nineteen of the 34 patients were treated on average for 12.6 months with hemodialysis and/or peritoneal dialysis before transplantation. A total of 20.6% of patients received a kidney from a deceased donor, 55.9% from a livingrelated donor, and 23.5% from a living-unrelated donor (Table 1) .
Sixty-five percent of patients received induction therapy with either antithymocyte globulin or anti-CD25 antibodies, and maintenance immunosuppression consisted of various combinations as mentioned already. After transplantation, all patients were regularly seen in our transplant center with a median follow-up of 50 months (range 4.5 to 196.6 months).
Diagnosis of Recurrent iMN
Fifteen (44%) of the 34 patients developed recurrent iMN, diagnosed at a median time of 13.6 months (range 0.1 to 180.6 months) after renal transplantation ( Figure 1 ). Six patients' recurrent iMN was diagnosed within the first month after transplantation ("early recurrence"), with the earliest recurrence noted on day 6 after transplantation. In that patient, a postreperfusion biopsy did not show histologic evidence of MN, arguing against donor-transmitted disease. Table 1 summarizes the baseline characteristics of renal transplant patients with and without recurrence of iMN. Those with recurrent disease underwent dialysis for a shorter period of time, but this trend did not reach statistical significance. The mean serum creatinine was 1.93 Ϯ 0.85 mg/dl with a mean blood urea nitrogen level of 31 Ϯ 9 mg/dl at the time of diagnosis of recurrent disease. Twelve (80%) patients had proteinuria (defined as Ն2ϩ on dipstick, Ͼ150 mg/24 h, or a urine protein/urine creatinine ratio of Ͼ200 mg/g), and eight patients had nephrotic-range proteinuria ( Table 2 ). Three patients without proteinuria had a recurrence of iMN diagnosed on kidney biopsy performed for protocol reasons and/or suspicion of allograft rejection. Among the six patients who were discovered to have recurrent iMN on biopsies performed for graft dysfunction alone, urine protein was trace (n ϭ 2), 380 mg/g creatinine; two patients had 2ϩ protein on dipstick, which was quantified as 670 and 1320 mg/g creatinine, respectively; and one patient had 3ϩ protein on dipstick, which was not quantified. Of the seven patients whose recurrence was diagnosed within the first 6 months after transplantation, four (57%) had significant proteinuria. In all 15 patients, the mean serum total protein, serum albumin, and serum total cholesterol were 5.8 Ϯ 1.6 g/dl, 3.5 Ϯ 0.7 g/dl, and 250 Ϯ 130 mg/dl, respectively. Three patients had a serum albumin level of Ͻ3 mg/dl. At the time of diagnosis, there was no significant difference in serum creatinine or GFR among the patients with and without recurrent disease. As expected, serum total protein and albumin were lower and proteinuria higher in patients with recurrent disease (Table 2) . Using multiple regression analysis, no factors that could predict the development of recurrent iMN were identified.
Histology of Recurrent iMN
The biopsy findings in the 15 patients with recurrent iMN are summarized in Table 3 . Among the 15 patients with recurrent iMN, indications for allograft biopsy included graft dysfunction (n ϭ 6), graft dysfunction and nephrotic-range proteinuria (n ϭ 3), nephrotic-range proteinuria alone (n ϭ 5), and protocol biopsy in the patient who underwent an ABO-incompatible transplant (n ϭ 1). Among the nine patients who had recurrent iMN and graft dysfunction, allograft biopsy also revealed acute cellular rejection (n ϭ 4), antibody-mediated rejection (n ϭ 1), CNI toxicity (n ϭ 1), acute tubular necrosis (n ϭ 1), thrombosis (n ϭ 1), or no specific changes (n ϭ 1). Among the other six patients with stable graft function, one protocol biopsy of an ABO-incompatible graft showed isolated C4d staining, four showed no other pathologic alteration, and one showed pathologic features of acute cellular rejection (i.e., subclinical acute cellular rejection). Subepithelial deposits were identified by light microscopy in nine of 15 cases, and well-established basement membrane spikes were identified in seven cases (Ehrenreich-Churg stage 2 MN) (17) . Three of the 15 biopsies had no subepithelial deposits or spikes by light microscopy but demonstrated granular IgG (ϮC3) staining by IF (stage 1 MN). All six cases of recurrent iMN diagnosed within the first month after transplantation were stage 1. The typical coarse granular deposition of IgG along the glomerular basement membrane was present in 14 of the 15 cases by IF. Complement (C3) deposition was noted in 10 of the 15 cases. EM was available for nine cases and demonstrated podocyte foot process fusion and subepithelial electron-dense deposits. In total, eight cases were diagnosed as stage I MN and seven as stage II MN. Interstitial fibrosis and tubular atrophy of Ն15% was present in seven of the 15 biopsies.
Treatment of Recurrent iMN
After the diagnosis of recurrent iMN, 11 patients were treated with tight BP control (target systolic BP Ͻ130 mmHg achieved in all patients) and blockade of the renin-angiotensin- Figure 1 . Cumulative incidence of recurrent iMN was constructed using Kaplan-Meier plots. aldosterone system in addition to the routine posttransplantation maintenance immunosuppression. Three patients received high-dosage corticosteroid therapy, one of whom responded with complete remission of the nephrotic syndrome and one of whom had a partial remission. The one patient who did not respond to corticosteroid therapy had focal segmental sclerosing lesions on biopsy. One patient received oral cyclophosphamide for 3 months and had a partial remission of proteinuria. Two patients reached ESRD and subsequently underwent second renal transplants without development of proteinuria; they have not had repeat biopsies to determine whether they could still have biopsy proof of recurrence despite no clinical evidence.
Effect of Treatment with Rituximab on Recurrent iMN
Because of recent reports demonstrating beneficial effects of rituximab in iMN, four patients received treatment with this agent without any definitive drug-related adverse effects (patients 8 through 11). The characteristics of these patients are summarized in Table 4 . The dosage of rituximab administered was determined by the treating physician. Patient 8 received 4 weekly doses of 375 mg/m 2 . Patients 10 and 11 received two doses of 1 g with a 2-week interval. Patient 9 received only one dose of rituximab (1 g) because of malaise and gastroenteritis that developed 1 week after the dose, although these symptoms were unlikely to be drug related. Depletion of B cells was documented in all four patients who were treated with rituximab. Using FACS analysis, no B cells were detected for up to 6 months after rituximab administration except in the patient who received only one dose of rituximab, in whom B cells were undetectable at 3 months but reappeared at 6 months after the infusion. Figure 2 displays the effect on proteinuria ( Figure 2A ) and serum creatinine ( Figure 2B ) in the four patients after rituximab therapy (patients 8 through 11). After the first course of rituximab, proteinuria worsened in patient 8, stabilized in patient 10, and improved in patients 9 and 11. There was no significant change in kidney function after infusion of rituximab. A second course of rituximab was given to patients 8 and 10 because of worsening or only stabilization of proteinuria at 11 and 13 months after the initial therapy. Patient 10 received two additional infusions of 1 g, and patient 8 received four additional infusions of 375 mg/m 2 . Patient 8 had a 30% improvement in proteinuria with stable renal function 16 months after the last administration of rituximab, and patient 10 had stable kidney function and proteinuria was reduced to near-normal levels (0.3 g/g creatinine) 7 months after the last administration of rituximab. Table 5 summarizes the characteristics at the end of the follow-up period for patients with and without recurrent disease (and patients who were treated with rituximab). Five patients with recurrent iMN after renal transplantation developed ESRD: One patient developed thrombotic microangiopathy after sepsis, and one patient experienced hypovolemic shock after transplant biopsy, requiring a transplant nephrectomy. Two patients progressed to ESRD as a result of iMN alone. The former two patients received a second renal transplant without clinical signs of recurrence at last follow-up (45.5 Ϯ 7.4 months after transplantation). One patient developed severe acute cellular and antibody-mediated rejection as a result of medication noncompliance. The repeat renal allograft biopsies that were performed on this patient showed no progression of recurrent iMN. Of the patients with recurrent disease, one patient died during follow-up 26 months after transplantation (the cause of death was unknown).
Outcome of Patients with Recurrent iMN
Among the patients without recurrence, two died during follow-up (one of posttransplantation lymphoma and one from unknown causes). Two patients progressed to ESRD, one of whom underwent a second renal transplantation. One patient developed nephrotic-range proteinuria as a result of FSGS (which improved with therapy over time). At the end of followup, proteinuria was higher and serum total protein and albumin were lower in the patients with recurrent disease, but there was no difference in serum creatinine or GFR between the two groups.
On both univariate and multivariate analysis, only black race was associated with allograft failure (Cox regression P ϭ 0.003) and death (Cox regression P ϭ 0.021) after transplantation. Recurrent iMN was not a predictor of allograft failure or patient survival.
Discussion
The reported recurrence rate of iMN ranges between 7 and 57% (1,4 -13) . In our study, the recurrence rate was 44%. In our study, as opposed to the study by Dabade et al. (14) , surveillance allograft biopsies were not performed; therefore, early recurrence (without proteinuria) may have been missed, so the true incidence of recurrence of MN may be even higher. However, in patients with early recurrence (and absence of proteinuria), iMN was diagnosed on biopsies that were performed per protocol or to differentiate rejection from CNI toxicity.
Our data suggest two patterns of recurrence: An "early recurrence" (within the first 6 months after transplantation) with limited proteinuria and a "late recurrence" with overt nephrotic syndrome. The patients with early recurrence, in accordance with the findings in the study of Dabade et al. (14) , had minor or absent manifestations of glomerular disease despite characteristic pathologic findings of MN. In contrast, nephroticrange proteinuria was usually encountered in the patients who experienced later recurrences. One patient's recurrent iMN was diagnosed Ͼ15 years after renal transplantation. With the recent discovery of the phospholipase-A2 receptor as a potential inciting antigen in iMN (18) , studies to evaluate its value to predict and detect recurrence after renal transplantation may clarify whether recurrences are truly "idiopathic" and/or related to similar antigens.
Two patients who had recurrent iMN and experienced graft failure received second renal transplants without clinical signs of recurrence, so they did not undergo allograft biopsies. This may suggest other causative factors that do not represent genetic or inherent predispositions for recurrent disease. In the patients who did not experience recurrent MN, two died with stable graft function and two developed graft loss as a result of chronic allograft nephropathy.
The impact of iMN on renal survival remains unclear. Most studies have not demonstrated an adverse effect of iMN on renal survival (1, 8, 19) ; however, Cosyns et al. (4) showed a higher incidence of allograft loss after the onset of the nephrotic syndrome; the outcome of recurrence was poor because the actual rate of graft loss among patients with recurrent disease was 38 and 52% at 5 and 10 years, respectively. In our study, the outcome in patients with recurrent iMN was not significantly inferior to those without recurrence. Although five patients with recurrence versus two patients without recurrence developed graft loss, this difference was NS. Black race was associated with both allograft failure and death after transplantation. Recurrent iMN was not a predictor of outcome in our study, but because of the limited sample size and the retrospective nature of the study, no definitive conclusions can be made. Because this study spanned a period of 16 years, we cannot define the roles of specific immunosuppressive regimens; however, there seemed to be no difference in regimens between those with and without recurrence: There was no difference in recurrence rate between patients who were treated with older, cyclosporine-based regimens and newer, tacrolimus/mycophenolate-based regimens. Previous studies that reported inferior survival made no distinction between de novo and recurrent MN or were conducted of patients with de novo MN (20) . Because de novo MN is often associated with episodes of acute rejection, this could represent a selection bias.
Our study was not designed prospectively to identify risk factors for recurrence. Various reports have suggested that the risk for recurrence is greater in patients with heavy proteinuria, male gender (6,7), hypertension, better HLA matching, livingrelated renal transplant (8, 9) , and use of cyclosporine therapy after transplantation (10) . In our study, there seemed to be no clear gender, age, or racial predisposition to recurrent disease. Neither the nature of the allograft, living donor versus cadaveric, nor the use of CNIs seemed to be associated with recurrent disease. With a recurrence rate up to 44% in our study as well as in others, a high grade of suspicion for recurrence is justified in patients who receive a kidney transplant for iMN.
From case reports demonstrating efficacy of rituximab in the treatment of both native and transplant iMN, we instituted a similar course of therapy in four transplant patients with recurrent disease (21) (22) (23) . This is the first, although small, study of patients who had recurrent iMN and were treated with rituximab, and the results of therapy were encouraging. One patient showed stabilization of proteinuria, and the other three showed significant diminishment of proteinuria. Renal function was preserved in all patients. Comparison of rituximab treatment and other treatment protocols (e.g., pulse steroid, cyclophosphamide) was not possible because of limit sample size.
Conclusions
iMN recurs frequently in the allograft even in the era of modern transplant immunosuppression. There seem to be two patterns of recurrence: An early pattern, which may be detectable only on biopsy, and a late-onset recurrence that is usually associated with the nephrotic syndrome. In our study, we were unable to find risk factors for recurrence. Biopsy evidence of recurrence within the first week after transplantation suggests the presence of a "preexistent factor," similar to that suspected in patients with early recurrent FSGS. Data regarding the treatment of recurrent iMN with rituximab are very limited, and our data represent the largest case series to date. Our data show favorable results for rituximab in the treatment of recurrent iMN. Prospective, randomized clinical trials are needed to compare the efficacy of conventional therapy of recurrent MN with high-dosage corticosteroids or cyclophosphamide versus newer agents such as rituximab. 
